This is an applied study of how to develop a standardized set of useful verbal probability phrases for communication purposes within an expert community. The analysis extends the previous research in two ways. First, the Analytic Hierarchy Process (AHP) is used to assess the relative weights associated with the verbal phrases employed by a group of thirty ®nancial strategy experts at a major Wall Street ®rm. Second, a quadratic least-squares technique is used to map these relative weights onto a subjective probability scale. The result was a consistent scaling of probabilistic phrases that the analysts prefer and actually use. This methodology can be used to minimize the problems associated with the use of probabilistic phrases by a group of experts who interact daily and who share assumptions, working knowledge and values.
INTRODUCTION
Subjective probabilities play an important role in human decision making. , Wallsten and Budescu (1990) and Hamm (1991) assert that many people claim to use nonnumerical phrases to express subjective probabilities because it is how they think and because nonnumerical phrases better express their perceived uncertainty than numbers. Studies by Wallsten et al. (1993b) , Erev and Cohen (1990) , and Brun and Teigen (1988) con®rm a preference to receive numerical expressions of uncertainty but to convey probability judgments verbally in a decisionmaking task.
However, the empirical research indicates little interpersonal agreement on the meaning of probabilistic phrases. Brun and Teigen (1988) and Budescu and Wallsten (1990) provide excellent reviews and evaluations of the empirical research on the use of probabilistic phrases. The previous research, together with the results of their studies, led them to conclude that there is a large variability in numerical estimates associated with verbal phrases. However, Wallsten (1985, 1990) caution against the strong conclusion that the use of nonnumerical phrases increases confusion while the use of numbers enhances communication. It is possible that dierent results would occur with a group of experts who interact daily and who share assumptions, working knowledge and values. Beyth-Marom (1982) explored this possibility with an experiment that took place in a professional forecasting organization with experts who were accustomed to giving verbal probability assessments. Although individual subjects were relatively consistent in their assignment of numerical probabilities to nonnumerical probabilistic phrases, there was considerable disagreement among the experts in the interpretation of most of the verbal probability statements. The variability was even higher when the experts were asked to evaluate the verbal probability expressions in the context of publications by their organization. Another interesting result was that not all phrases were equally vague. Budescu and Wallsten (1990) examined the use of probability phrases by forecasters communicating uncertainty to decision makers. The subjects were university students who used numerical and verbal probabilities to describe the probability that a dart would land on a shaded section of a circle. The decision makers made bids based on the numerical or verbal description. The results were consistent with the prior research ®ndings of individual-subject studies (Budescu et al., 1988; Rapoport et al., 1987; Wallsten et al., 1986) . The responses to verbal descriptors were more variable than the responses to numerical descriptors. In addition, the results support the ®ndings of Fillenbaum et al. (in press ) that decision makers interpret probability phrases to have wider range of meaning than the forecaster intended.
These results suggest organizations should use numerical expressions of probability rather than verbal ones. However, the resistance to such a change can be enormous. A compromise is a scale of verbal probabilistic phrases with explicit numerical translation. After observing the inconsistent way probability expressions are used in the ®eld of accounting and auditing, Chesley and Wier (1985, p. 41) conclude,`The good news is that the problem has a solution: the assignment of a suggested range of probabilities to standard uncertainty expressions'. Similarly, Olsen and O'Neill (1988, p. 72) recommend that ®nancial analysts provide their clients with a formal scale indicating a range of numerical probabilities associated with the probabilistic phrases being used. Budescu and Wallsten (1990, p. 259) suggest that communications in actual decision situations will not suer so long as the decision maker treats the selected phrase as intended by the forecaster.
In a review of 20 dierent studies, Mosteller and Youtz (1990) noted only modest variation in the average numerical values associated with most probabilistic expressions and stability of meanings over 20 years. They suggest that the next step is`to oer codi®cations and see how satisfactory people ®nd them ' (p. 2) . A number of commentators agree that quanti®cation of uncertainty expressions would be useful (Tanur, 1990; Kadane, 1990) especially in those ®elds where they are used to describe scenarios and forecasts (Wolf, 1990) . Kadane (1990) proposed a scale based on the Mosteller and Youtz (1990) data and concluded with the challenge`Now it's your turn ' (p. 20) . However, meaning occurs from usage in a context, so any attempt at associating verbal and numerical probabilities should be done in context (Clark, 1990; Fox, 1986; Tanur, 1990) . In contrast to the perspective of Erev et al. (1991) that vagueness and ambiguity are essential in certain situations to facilitate heterogeneous choices, Cli (1990) suggested that the context most conducive to standardizing terminology is characterized by isolation of the communicators, speci®city of the referent and social or economic penalty for linguistic error.
Recent studies have proposed methods for obtaining and numerically evaluating verbal probabilistic phrases. Hamm (1991) proposed a method that avoids the problems of an inde®nitely large vocabulary and individual disagreements about their meaning. The method required the subjects to use phrases from a list that spans the full range of probabilities. The list was constructed by reviewing studies that elicited numerical values for verbal probabilistic expressions (Budescu and Wallsten, 1985; Lichtenstein and Newman, 1967; Simpson, 1944; Shanteau, 1974; Wallsten et al., 1986) . Introductory psychology students used the list to describe a problem scenario. Then, the subjects assigned numerical values to the phrases. The solution was produced by applying Bayes' Theorem (Hamm, 1988) . The results showed that the use of an ordered list of verbal probabilistic phrases enabled subjects to select phrases that were more accurate answers for the word problems. The results were viewed as supporting the recommendations of Kong et al. (1986) to improve the use of verbal probabilities by measuring what people mean by phrases, publishing these meanings and training people to use the terms with these accepted meanings. However, the process of translating phrases was seen as a burden for the subject and the researcher. Wallsten et al. (1993a) conducted an experiment in which university students were asked to select and scale their own set of verbal expressions. The subjects used pair-comparisons to assign numerical values to the verbal phrases they preferred to use. The results revealed little consensus between the subjects in their selection of verbal phrases. Therefore, the analysis was`done at the individual subject level' (p. 182) and indicated that an individual's responses using numerical and verbal probabilities were virtually identical. The results suggest that verbal forecasting requires analysts select and scale their own vocabulary and that it be known to the users of the forecast. While the pair-comparison procedure gave a more complete representation of an individual's understanding of a verbal probability expression, it was described as arduous.
This study accepts Kadane's (1990) challenge and explores the development of a probabilistic phrases scale proposed by Mosteller and Youtz (1990) . The analysis extends the previous research in two ways. First, the Analytic Hierarchy Process (AHP) is used to assess the relative weights of the verbal phrases employed by a group of thirty experts in ®nancial strategy at a major Wall Street ®rm. Second, a quadratic least-squares technique is used to map these relative weights onto a subjective probability scale. The analysis is conducted in three phases. In the initial phase, the experts are asked to consider eleven groups of phrases with similar numerical values and to select the phrase which is most representative of each group. Next, the experts are asked to rank the verbal expressions according to their subjective probability. Then, AHP is used to evaluate the relative weights of the probabilistic phrases. Finally, a quadratic least-squares model is used to translate these relative weights into a numerical probability scale.
Probabilistic phrases and other communicative functions
Other investigators have observed that verbal uncertainty expressions are used for semantic and communicative functions besides expressing numerical probabilities. For example, Brun and Teigen (1988) identi®ed an aective intensity dimension and concluded,`It is likely that words dier in other respects as well and perform a communication function that canmnot be fully replaced by``neutral'' numbers'. Subsequently, Teigen and Brun (1995) demonstrated that verbal phrases exhibit a directional aspect. They found that some terms, such as possible and probable function as armative phrases emphasizing the occurrence of an event. In contrast, other terms, such as unlikely and doubtful serve as negative phrases suggesting non-occurrence. They noted that similar phenomena have been described in psycholinguistic studies by Champaud and Bassano (1987) , Moxey and Sanford (1987) , and Moxey et al. (1990) . Fox (1986) suggested that there are dierent types of uncertainty including possibility, plausibility, and probability. He observed that verbal terms are used to express various degrees of uncertainty, but they`do not make the underlying uncertainty semantics explicit ' (p. 448) . He emphasized that there may be no universally correct calculus of uncertainty, but knowledge about uncertainty should be made explicit. In contrast, Erev et al. (1991) suggest that precise communications are not always desirable and that vagueness and ambiguity are essential in certain situations to facilitate heterogeneous choices.
The context within FSG exhibits the characteristics identi®ed by Cli (1990) as most conducive to standardizing language and described by Wolf (1990) as where it would be most useful rather than the characteristics where vagueness and ambiguity are essential (Erev et al., 1991) . Therefore, the study began with an examination of FSG internal communications. Their length ranged from two to six pages and they contained a variety of probabilistic phrases. Further analysis revealed that the analysts assigned the phrases a wide range of overlapping probabilities. Based on these initial ®ndings, the study proceeded with the application of a method to help the analysts identify and scale a set of verbal probability expressions that met their needs. The researchers and FSG management were not concerned with other communicative functions because the entire report was available for their expression. This represents a limitation of the current study and an opportunity for future research in an applied setting.
METHOD

Subjects
The participants were thirty expert ®nancial strategists at the Financial Strategies Group (FSG) of a major Wall Street ®rm. FSG was established to provide state-of-the-art analytical tools to the ®rm's clients, as well as to the ®rm's sales, trading and banking areas. The group members interact frequently during a workday, and their communication frequently includes the use of nonnumerical phrases to express perceived uncertainty.
The FSG includes ®ve dierent groups of expert ®nancial strategists each with a director overseeing the operations of the group. Experts working in each group develop business forecasts for their product areas and these forecasts are folded into an overall forecast. The sample included 12 females and 18 males. The ages range from 21 to 46 with an average of 26 years. The level of education varies from doctorates among the group managers, to masters and bachelor degrees among the forecasters and analysts. The degrees represent a number of disciplines including statistics, economics, ®nance, computer science, and mathematics. Tenure in the group ranges from three months to nine years. With the diversity in gender, age, education, tenure and role in FSG there is the potential for large variability in numerical estimates associated with nonnumerical probabilistic phrases.
Procedure
The data for this study were collected with the three questionnaires presented in Appendices A±C. The instruments were administered on three separate occasions. Prior to the administration of each questionnaire, the researchers met with the participants to discuss the purpose of the instrument. The ®rst questionnaire included a comprehensive list of the probabilistic and frequentistic expressions used in prior research conducted by Brun and Teigen (1988) , Budescu and Wallsten (1985) , and Lichtenstein and Newman (1967) . The 76 probabilistic phrases were divided into eleven groups according to the similarity of the numerical values assigned in previous studies. The instructions asked the experts to select one verbal expression whose meaning was most representative of the group. During the discussion with the participants, they were asked to select the phrase in each group that most clearly captured the probability conveyed by the phrases in that group. To minimize the possibility of bias, the groups of phrases were randomly placed on the questionnaire and the phrases were randomly distributed within each group.
Two weeks later, a second questionnaire was distributed. It contained the most frequently selected probabilistic phrase from each of the eleven groups on the ®rst questionnaire. However, it included no frequentistic phrase because none were selected by the analysts most often as representative of a group.
The purpose of this questionnaire was to identify an ordinal ranking associated with these phrases. The experts were asked to rank these probabilistic expressions from 1 to 11 with 1 assigned to the expression indicating the highest probability and 11 to the expression indicating the lowest probability. As before, these representative phrases were placed randomly on the questionnaire.
A third questionnaire was used to capture the experts' judgments about the relative likelihood implied by the nonnumerical probabilistic phrases. This questionnaire is based on AHP. AHP was introduced by Saaty (1972 Saaty ( , 1977a to assist a decision maker in evaluating complex judgmental problems. AHP helps the decision maker assign numerical values to qualitative attributes by making trade-os among them. The process is con®ned to a series of pairwise comparisons using the scale presented in Exhibit 1. Saaty (1972) argues that a decision maker naturally ®nds it easier to compare two things than to compare all the items in a list. AHP also evaluates the consistency of the decision maker and allows for the revision of the responses. Because of the intuitive nature of the process and its power in resolving the complexity in a judgmental problem, AHP has been applied to many diverse decisions. A comprehensive list of the major applications of AHP, along with a description of the method and its axioms, can be found in Saaty (1972 Saaty ( , 1977a Saaty ( , b, 1980 Saaty ( , 1990 , Weiss and Rao (1987) and Zahedi (1986) . A mathematical summary of AHP is presented in Appendix D.
In order to reduce the number of pairwise comparisons, the third questionnaire was divided into two parts. Phrases identi®ed with a`toss-up' or higher probability were placed on one questionnaire while phrases identi®ed with a`toss-up' or lower probability were placed on a second questionnaire. Part 1 contained a series of pairwise comparisons between the phrases identi®ed in the second questionnaire with a perceived numerical probability of 50% or less. Part 2 contained another series of pairwise comparisons between the phrases identi®ed with a perceived numerical probability of 50% or more. Within each part of the questionnaire, the pairwise comparisons were listed randomly.
RESULTS
A preliminary test was conducted to motivate FSG management to authorize the project. This initial phase examined: (1) the occurrence of verbal and numerical probability expressions in FSG internal communications and (2) the variability in the analysts' interpretations of the verbal phrases. The researchers were permitted to examine 12 months of internal communications at FSG. Typically, the communications included several verbal probability phrases but rarely included numerical probabilities. In consultation with FSG management, the researchers selected ten representative messages that include 16 dierent verbal phrases. To maintain con®dentiality, the complete text of any FSG communication cannot be disclosed; however, Appendix E contains some relevant excerpts. Next, the 30 FSG analysts estimated the numerical probability that each phrase implies within the context of the communication. Exhibit 2 shows that the analysts assigned a wide range of probabilities to the phrases. The range for two phrases is less than 29%, for six phrases the range is between 30% and 39%, and for the remaining eight phrases the range is over 40%. In addition, the ranges overlapped considerably. These results convinced FSG management to proceed with the project.
Based on the results of prior research, Questionnaire 1 (Appendix A) presented a list of 76 commonly used verbal probabilistic phrases divided into 11 groups with similar perceived probabilities. Exhibit 3 presents a frequency distribution indicating the number of participants who designated each of the verbal expressions as the most representative phrase of its group. The results indicate that the 11 most frequently selected phrases were:`possible',`small possibility',`somewhat likely',`somewhat doubtful', likely',`impossible',`quite certain',`small chance',`certain',`toss-up', and`very likely'.
Next, Questionnaire 2 (Appendix B) was distributed. With this questionnaire, the experts were asked to rank eleven verbal phrases identi®ed in the ®rst questionnaire according to their perceived probabilities. Exhibit 4 presents the statistical results.`Certain' was ranked as the phrase indicating the highest probability while`impossible' was identi®ed as the phrase indicating the lowest probability. Toss-up' was ranked in the middle.`Certain',`quite certain',`very likely',`likely', and`somewhat likely' were associated with a probability greater than`toss-up'. In contrast,`possible',`somewhat doubtful',`small chance',`small possibility' and`impossible' were considered to represent a probability less than`toss-up'.
Questionnaire 3 (Appendix C) presented the experts with a series of ®fteen pairwise comparisons between the phrases with a`toss-up' or lower probability in Part 1 and another series of ®fteen pairwise comparisons between the phrases with a`toss-up' or higher probability in Part 2. The responses were entered into a computer program that performed the AHP computations to derive the relative weights associated with each of the phrases and a consistency ratio for each of the experts (Saaty, 1977a (Saaty, , b, 1980 .
The statistical results for Part 1 are presented in Exhibit 5 and for Part 2 in Exhibit 6. The inconsistency ratio for each series of pairwise comparisons indicates very little within-subject variability (Saaty, 1980 (Saaty, , 1990 . This implies that the individual experts were relatively consistent in their assessment of the relative weights identi®ed by the phrases. Furthermore, the small standard deviations and narrow ranges reveal a small degree of between-subject variability. There appears to be considerable interpersonal agreement on the meaning of the phrases. In addition, the means and standard deviations indicate little overlap in the use of the terms. This suggests that the participants assigned distinct meaning to the phrases in Questionnaire 3. (0) Possible (12) Possibly (5) Unpredictable (3) Improbable (2) Rare (0) Not Likely (3) Small Possibility (10) Barely Possible (1) Very Doubtful (3) Highly Improbable (1) Not Probable (3) Small Probability (4) Rarely (1) Quite Unlikely (0) Very Unlikely (2) Rather (0) Slightly More Than Half the Time (0) Better Than Even (3) Predictable (4) Somewhat Likely (18) Slight Odds in Favour (5) Somewhat Unlikely (11) Somewhat Doubtful (19) Probable (4) Frequently (2) Pretty Good Chance (1) Good Hope (0) Fairly Likely (2) Probably (5) Common (0) Rather Likely (1) Likely (11) Often (2) Good Chance (2) Predictable (0) No Chance (5) Never (4) Not Possible (6) Impossible ( (0) Rather Unlikely (4) Fairly Unlikely (2) Quite Doubtful (0) Uncommon (0) Unlikely (7) Doubtful (1) Usually Not (0) Not Much Chance (0) A Small Hope (0) Always (9) Certain ( Journal of Behavioral Decision Making, Vol. 10, 133±150 (1997) The next step was to map the relative weight associated with each of the phrases into the numerical probability scale. Assuming that the probabilities are a quadratic function of the weights and they are monotonically increasing function with respect to weights, two models were constructed similar to the model developed by Tobler (1979) . These models use a quadratic curve and least-square on spacing to convert the relative weights in Exhibits 5 and 6 into numerical probabilities. In the ®rst model, the phrases`impossible' and`toss-up' were used as anchors representing the 0% and 50% probabilities. Given the relative weight of 0.041 for`impossible' and 0.341 for`toss-up', the model was used to calculate the probability for each of the other phrases associated with a relative weight betweeǹ impossible' and`toss-up'. Exhibit 7 shows the calculated probabilities for each phrase and a suggested probability for use in the development of a formal scale. For example, the relative weight of 0.241 for `possible' is converted into a 40.12% probability which would be adjusted to 40%. This represents an adjustment of only À0X12. Similar results were obtained for the other phrases. Exhibit 8 presents the quadratic curve results for the phrases in Questionnaire 3 (Part 2). For this model, the terms`toss-up' and`certain' were the anchors representing the 50% and 100% probabilities. Given the relative weight of 0.047 for`toss-up' and 0.346 for`certain', the model estimated the probability for each of the other phrases associated with a relative weight between`tossup' and`certain'. For example, the relative weight of 0.239 for`quite certain' is converted into a probability of 90.03%. This calculated probability would be adjusted to 90% for use in the development of a formal scale. This represents an adjustment of only À0X03. Similar results were obtained for the other phrases. Exhibit 9 represents a complete listing of verbal probabilistic expressions along with the numerical probabilities suggested for the development of a verbal probability scale. The FSG management reviewed the results and decided to introduce the verbal probability scale to the analysts. After a discussion of the preliminary test results and the scale development, the analysts decided that they would use either numerical probabilities or the verbal phrases in the suggested scale. Subsequently, the researchers examined the FSG internal communications for 6 months to assess how the scale was actually being used by the analysts.
A review of these communications revealed that the incidence of numerical probabilities was extremely rare after the introduction of the scale. Furthermore, the variety of probabilistic phrases was reduced signi®cantly. In a few instances, the analysts expressed their ignorance or feelings of doubt with phrases that were not on the scale. However, whenever they were expressing the probability of events or circumstances, the analysts used only phrases from the scale. Exhibit 10 presents data comparing the frequency of numerical and verbal probabilities in a randomly selected subset of 30 FSG communications before and after the introduction of the scale.
To examine their preferences, the analysts were asked to compare the verbal probability scale they had developed (alternative V) to using numerical probabilities only (alternative N) and to the prior circumstances that permitted verbal phrases without speci®c numerical translations but with the option of numerical probabilities (alternative P). The analysts were asked to express their preferences for these alternatives when receiving and sending communications. The comparisons were presented to the analysts as the hierarchy in Exhibit 11. The analysts used the Expert Choice software to make all the necessary pairwise comparisons three times during a nine-month period.
The results of the three AHP preference assessments are presented in Exhibit 11. The data within each element of the hierarchy are the geometric means of the analysts preferences from the three assessments and indicate that the analysts' preferences were quite stable during the time period. Overall, the FSG analysts expressed strong preferences for alternative V compared to either alternative P or alternative N, but they were indierent between P and N. However, when contrasting receiving and sending, the analysts seemed to indicate that the contribution of V was more important in receiving 0X58 Â 0X72 when compared to its contribution to sending 0X42 Â 0X64.
CONCLUSION
Research has con®rmed that people prefer to use verbal phrases rather than numerical probabilities when conveying uncertainty but prefer to receive it numerically (Wallsten et al., 1993b; Erev and Cohen, 1990; Fillenbaum et al., in press; Budescu and Wallsten, 1990; Rapoport et al., 1987) . In addition, they attach dierent probabilities to individual phrases, and they overlap the meaning between them. Recent studies (Wallsten et al., 1993a; Hamm, 1991) have proposed methods for reducing the problems of verbal probability expressions. The procedures required individuals to select and scale the phrases they prefer to use. These studies revealed that scaling verbal expressions within a particular decision context improved the usefulness of the phrases in that setting. However, the procedures were described as arduous (Wallsten et al., 1993a, p. 179 ) and a burden (Hamm, 1991, pp. 206 and 209) . The proposed method makes it easier to codify the meaning that individuals assign to verbal probability expressions, to publicize these meanings and to train people to use the terms with these common meanings. The results demonstrate that professional colleagues are able to agree on the interpretation of probabilistic phrases with little overlap when they select a representative set of phrases and make comparisons among them in a systematic manner. Furthermore, assessments before and after the implementation of the verbal probability scale indicate that the verbal phrase scale is working at FSG. Speci®cally, the ®nancial analysts restricted their verbal expressions of probability to the phrases in the scale. In contrast, the development and implementation of the verbal probability scale did not appear to constrain the analysts' use of uncertainty phrases for other communicative purposes. Finally, the ®nancial analysts expressed a preference for the use of the verbal probability scale to either the use of numerical probabilities alone or to the unrestricted use of unde®ned verbal phrases that existed prior to this study. APPENDIX A: PROBABILISTIC PHRASES QUESTIONNAIRE 1 INSTRUCTIONS It has been claimed in both applied decision analysis and in basic research that people can better use and understand probabilistic opinions expressed by probabilistic phrases than by numeric probabilities. The purpose of this study is to examine the numeric probabilities which individuals associate with verbal expressions.
Would you help us with this study by circling, in each of the following groups of phrases, one verbal expression whose meaning is most representative of the group. 
INSTRUCTIONS
It has been claimed in both applied decision analysis and in basic research that people can better use and understand probabilistic opinions expressed by probabilistic phrases than by numeric probabilities. The purpose of this study is to examine the numeric probabilities which individuals associate with verbal expressions.
Would you help us with this study by ranking the following verbal expressions from 1 to 11 with 1 assigned to the expression with the highest probability of occurrence and 11 to the expression with the lowest probability of occurrence. 
